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Fe–Pt–Mn thin ﬁlms were deposited on quartz plates at a substrate temperature of 25–800C. Three alloy
compositions were studied, including Fe51Pt42Mn7, Fe51Pt45Mn4, and Fe41Pt55Mn4. X-ray diffraction data indicate that
the addition of Mn stabilizes the FCC FePt disordered phase, and increases the ordering transformation temperature by
B150C. At high annealing temperatures, the decrease of d111 lattice spacing for ordered FePt phase implies that Mn
atoms dissolve into FCT phase to form a solid solution. The coercivities of Fe–Pt–Mn thin ﬁlms were found to decrease
with the increasing d111 lattice spacing.
r 2004 Elsevier B.V. All rights reserved.
Keywords: Order-disorder transformation; Solid solution; Fe–Pt–Mn; Ll0 ordered structureFe–Pt equiatomic thin ﬁlms form an ordered FCT
superlattice structure after appropriate heat treatments.
The ordered FePt phase has a very high anisotropy
energy value of about 7 107 erg/cm3, and exhibits
remarkable magnetic properties of high coercivity (Hc)
and relatively high magnetization. Many researchers
reported that the order–disorder transformation of Fe–
Pt near-equiatomic thin ﬁlms occurred at 450B500C
[1,2]. However, an annealing temperature over 400C is
still too high for several industrial applications. Some
researchers studied the effect of alloy doping on the
ordering temperatures and magnetic properties of FePt
thin ﬁlms. A small amount of Nb (less than 2.5 at%) was
reported to arise the ordering temperature by about
50C and decrease the average grain size of FePt thin
ﬁlms [3,4]. The doping effect of Cr, W, and Ti into FePt
thin ﬁlms was investigated by Kuo et al. [5,6]. They
found that these dopants would retard the formation of
FCT phase, leading to lower coercivity and higher
magnetization. Recently, Takahashi et al. presented the
ordering enhancement by the doping element of Cu [7].
The authors suggested that the formation of Fe–Pt–Cu
solid solution might be responsible for the loweronding author. Tel.: +886-04-24517250-5311; fax:
4510014.
address: bryan 9090@hotmail.com (F.T. Yuan).
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/j.jmmm.2003.12.024ordering temperature [7]. In this paper, we prepared
the Fe–Pt–Mn thin ﬁlms by sputtering and studied the
alloy effect on ordering temperature and magnetic
properties of the ﬁlms.
Single-layer samples, with a thickness of 100 nm, were
deposited by RF magnetron sputtering. The background
vacuum is better than 2.0 107 torr. The sputtering
pressure of argon is around 10mtorr. A mosaic target of
high purity Fe–Mn alloy disc was overlaid with high
purity Pt foils for alloy design. The thin-ﬁlm samples
were deposited on quartz substrates at an annealing
temperature from room temperature to 800C.
The crystal structure was identiﬁed from X-ray
diffraction patterns. Magnetic properties were measured
with a VSM. Chemical compositions of the Fe–Pt–Mn
ﬁlms were analyzed by inductively coupled plasma
(ICP).
Three Mn doped samples were investigated in this
paper: Fe51Pt42Mn7 (Sample 1), Fe51Pt45Mn4 (Sample
2), and Fe41Pt55Mn4 (Sample 3). The X-ray diffraction
data of the three samples annealed at 650C are shown
in Fig. 1. A large amount of disordered phase appeared
in Sample 1 and Sample 2, indicating that the addition
of Mn tends to stabilize the FCC phase and retard the
ordering transformation for the nearly stoichiometric
FePt thin ﬁlms. For sample 3 which contains a higher Pt
concentration of 55 at%, the predominance of FCTd.
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Fig. 1. X-ray diffraction patterns of Fe51Pt42Mn7 (Sample 1),
Fe51Pt45Mn4 (Sample 2), and Fe41Pt55Mn4 (Sample 3) and
Fe50Pt50 annealed at 650
C.
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Fig. 2. Lattice spacing vs. annealing temperature for
Fe51Pt45Mn4 (Sample 2), Fe41Pt55Mn4 (Sample 3), and FePt.
-20 -15 -10 -5 0 5 10 15 20
-1200
-900
-600
-300
0
300
600
900
1200
Fe Pt
Fe51Pt45Mn4
Fe41Pt55Mn4
M
 (e
mu
/cm
3 )
H
a
 (kOe)
Fig. 3. Hysteresis loops of Fe51Pt45Mn4 (Sample 2),
Fe41Pt55Mn4 (Sample 3), and FePt thin ﬁlms annealed at
800C.
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ordering transformation.
Fig. 2 shows the variation of d111 spacing with
annealing temperatures (Ta). For Ta ¼ 700B750C,
the Pt-rich Sample 3 exhibits a larger d-spacing than
Sample 2. It implies that the d111 values are inﬂuenced by
the atomic radii of the substitutional elements (0.139 nm
for Pt and 0.118 nm for Mn). At Ta ¼800C, both
Sample 2 and Sample 3 demonstrate a dramatical
decrease in d111 values. Compared with the binary FePt
sample, most parts of the Mn-containing ﬁlms were
transformed into ordered phase at a higher temperature
of about 800C. The decrease in d111 interplanar spacing
thus can be explained by the compressed c-axis of (Fe,
Mn)–Pt L10 lattice.Fig. 3 indicates the hysteresis loops of Sample 2,
Sample 3, and FePt ﬁlms annealed at a high temperature
of 800C. Compared with the FePt binary ﬁlm, the Mn
doped ﬁlms (Sample 2 and Sample 3) have higher
magnetization (Ms) and lower Hc: Sample 3 with a
higher concentration of Pt (55 at%) shows a larger Hc of
6.3 kOe and a smaller Ms of 863 emu/cm
3. For Sample 2
with a lower concentration of Pt (45 at%), a smaller Hc
of 2.4 kOe and a larger Ms of 1050 emu/cm
3 were
observed. We found that for the Fe–Pt–Mn ﬁlms, Pt is
effective to increase Hc wth a sacriﬁce of Ms: The
smaller magnetization value can be satisfactorily ex-
plained from the magnetic dilution of nonmagnetic Pt.
In conclusion, the addition of Mn in FePt thin ﬁlms
increases the starting temperature for disorder-to-order
transformation by 150C. Single-phase structure persists
for a high Mn content of 7 at% (Sample 1). The smaller
lattice spacing of the high-Mn ﬁlms can be attributed to
the smaller substitutional Mn atom. Pt was found to
promote the ordering transformation of Fe–Pt–Mn
alloy ﬁlms, thus enhance the Hc value. However,
the magnetic dilution from Pt leads to a smaller Ms
value.
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